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(54) Three dimensional braided covered stent 

(57) A prothesis (18, 108, 120) for transluminal im- 
plantation consists of a flexible tubular three-dimension- 
ally braided structure of metal or polymeric monofila- 
ments (32, 110, 126), and polymeric multifilament yams 
(42). The prosthesis can be elastically deformed to re- 
duce its diameter through axial elongation. The mono- 
filaments and multifilament yarns are arranged in axialfy 
spaced apart helices, concentric on a common central 
axis of the prosthesis. The monofilaments are selective- 
ly shaped before their interbraiding with the multifila- 
ment yarns, either by an age-hardening or other heat- 



setting stage, or a cold- working stage that control lably 
plastically deforms the strands. The shaped structural 
strands cooperate to impart to the prosthesis its nominal 
shape and resilience. The textile strands cooperate to 
provide one or more layers of sheeting (40) that reduce 
permeability and thereby enhance the utility of the pros- 
thesis as a vascular graft. An alternative embodiment 
prosthesis (132) includes elastically and plastically de- 
formable structural strands (140), selectively plastically 
deformed by cold working, then three-dim ensionally 
braided to form the prosthesis. 




FIG.l 
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Description 

The present invention relates to body implantable 
devices, and more particularly to prostheses including 
stents and grafts intended for long term or permanent 
intraluminal fixation. 

A variety of patient treatment and diagnostic proce- 
dures involve the use of devices inserted into the body 
of a patient and intraluminally implanted. Among these 
devices are prostheses as disclosed in U.S. Patent No. 
4,655,771 (Wallsten). These devices are flexible, tubu- 
lar, braided structures formed of helically wound thread 
elements. A delivery catheter includes gripping mem- 
bers for securing a prosthesis to the catheter. In deploy- 
ment, the gripping members and catheter are removed, 
allowing the prosthesis to assume a substantially cylin- 
drical shape as it radially expands and substantially con- 
forms to a blood vessel wall or other tissue. 

Metallic thread elements or strands are generally 
favored for applications requiring flexibility and effective 
resistance to radial compression after implantation. Me- 
tallic strands can be thermally formed by a moderately 
high temperature age-hardening process while wound 
about a mandrel in the desired helical configuration. The 
strands cooperate to provide the requisite strength, due 
to their high modulus of elasticity. 

The flexibility of the strands also is important, as it 
permits a radial compression of the stent (by an axial 
elongation) that facilitates delivery of the stent through 
narrow blood vessels or other lumens toward the intend- 
ed treatment site. Because the self-expanding device 
generally remains at least slightly radially compressed 
after fixation, its restoring force can provide acute fixa- 
tion. The flexible stent can accommodate a wider range 
of lumen diameters, reducing the need to precisely 
match the stent and lumen as to size. The favourable 
combination of strength and flexibility is due to the prop- 
erties of the strands themselves, and the arrangement 
of strands, i.e. the axial spacing between adjacent hel- 
ical strands, the braiding angles of the strands, etc. Ac- 
cordingly, conventional stents characteristically have an 
open mesh construction as shown in Figures 2a (re- 
laxed) and 2b (radially constrained). 

U.S. Patent No. 4,681,110 (Wiktor) discloses a flex- 
ible tubular liner, insertable into the aorta to treat an 
aneurisym. The liner is a tight weave of flexible plastic 
strands, designed to self-expand against the aneurisym 
to direct blood flow past the aneurisym. In this context, 
a tight weave is intended to minimise leakage, so that 
the liner can effectively shunt blood through to eliminate 
the aneurysmal sack from the blood path. 

Those of skill in the art have generally encountered 
difficulty in providing a device that simultaneously ac- 
commodates the competing needs of low permeability, 
and strength and flexibility for considerable radial com- 
pression and expansion. 

One known approach to counter this problem is a 
combination stent/graft, in which a compliant but sub- 
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stantially fixed-radius and tightly-woven graft is sutured 
or otherwise coupled to a radially expandable stent. The 
stent upon release is intended to radially expand to the 
graft diameter. This, however, generally requires a care- 
s i ul matching of the graft diameter with the lumen diam- 
eter at the treatment site. Otherwise, either an oversized 
graft is compressed between the stent and body tissue 
with undesirable folds or gathering of the graft material, 
or an undersized graft prevents the stent from expand- 
to ing sufficiently to anchor the device. 

Several prosthesis constructions have been sug- 
gested, particularly involving three dimensional braiding 
as disclosed in International Patent Publications No. 
W09 1/1 0766. For example, see International Patent 
is Publication No. W092/1 61 66, No. W094/06372, and No. 
W094/06373. These publications discuss composite 
grafts or other braided structures that combine different 
types of strands, e.g. multifilament yarns, monofila- 
ments, fusible materials, and collagens. In all of these 
20 disclosures, the woven or braided structure is heat set 
after braiding to impart the desired nominal shape to the 
device. Accordingly, all strands and filaments must be 
compatible with the heat set conditions (primarily the 
high temperature), limiting the types of materials that 
25 can be interlarded into the device. j 

SUMMARY OF THE INVENTION 

Therefore, it is an object of the present invention to 
30 provide a three-dimensionally braided prosthesis in- 
cluding structural strands and other strands interbraided 
with the structural strands, in which the types of materi- 
als for such other strands are not limited by conditions 
necessary to thermally set or otherwise selectively 
35 shape the structural strands. 

Another object is to provide a process for three-di- 
mensionally braiding a tubular prosthesis to provide a 
gradient in permeability, porosity, strength or other 
structural property in the radial direction. 
40 A further object is to provide, in a three-dimensional 
braiding process involving the interbraiding of multiple 
strands, a means for selectively cold-working a portion 
of the strands to predetermine a nominal shape of the 
interbraided structure. 

Yet another object is to provide an interbraided de- 
vice incorporating the strength, resilience and range of 
diameters associated with stents, and the low permea- 
bility associated with grafts, adapted to incorporate a ra- 
dial gradient in porosity or another characteristic. 
50 The invention provides a process for making a pros- 
thesis, including the following steps: 

a. providing a plurality of structural strands formed 
of a structural material and having an original nom- 

55 inal shape, and providing a plurality of compliant 
textile strands; 

b. altering the structural strands to impart to the 
structural strands a selected nominal shape in lieu 
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of the original nominal shape; and 
after said altering, braiding the strands into three- 
dimensional integrated structure including the 
structural strands and the textil strands. 
In a second aspect the invention provides a process 5 
for making a prosthesis, comprising: 
providing a plurality of structural strands formed of 
structural materla\ of a desired strength and resil- 
ience, and imparting to each structural strand a se- 
lected nominal shape, corresponding to the nominal 
shape of the strand in the finished prosthesis; 
providing a plurality of compliant textile strands for 
adapting to the shape of the structural strands; and 
three-dimensionally braiding the structural strands 
in the selected nominal shape with the textile 
strands to form a tubular structure. 

In the third aspect, the invention provides a pros- 
thesis comprising an integrated three dimensional struc- 
ture including a braid comprising a plurality of structural 
strands and a plurality of compliant textile strands, 
wherein said structural strands have a selected nominal 
shape, the shape having been imparted prior to the 
braiding operation. 

In a fourth aspect, the invention provides a prosthe- 
sis, including: 

a three-dimensionally braided structure including 
a plurality of structural strands and a plurality of compli- 
ant textile strands interbraided with the structural 
strands; wherein the structural strands are formed of a 
material having a tendency to assume a nominal shape 
when in a relaxed state, and have respective selected 
nominal strand shapes imparted by at least one of: (i)a 
selective plastic deformation from an original nominal 
shape to the selected nominal shape; and (ii) a selective 
thermal setting including heating to a temperature great- 
er than a melting temperature of the textile strands while 
the structural strand is maintained in the selected nom- 
inal shape, 

By "structural'' is meant, for the purposes of this 
specification, strands or material which provide the sup- 
porting and formative parts of the structure of the pros- 
thesis device. 

Preferably the braiding forms a latticework of the 
structural strands. Then, the textile strands are formed 
as one or more layers of textile sheeting supported by 
the latticework. 

A salient feature of the process is that the structural 
strands are selectively shaped, i.e. given their predeter- 
mined second nominal shapes, prior to the interbraiding 
step. Consequently, process conditions for selective 
shaping have virtually no impact on the textile strands. 
This is particularly beneficial when the structural strands 
are metallic, e.g. formed of Elgiloy or another cobalt- 
based alloy, certain stainless steels, or a recovery metal 
such as Nitinol nickel-titanium alloy. These metals pro- 
vide the desired strength and resiliency, yet when ther- 
mally shaped require temperatures far above the melt- 



ing points typical of the multifilament yarns suitable for 
the textile strands. Certain polymers suitable for the 
structural strands likewise are advantageously shaped 
at temperatures unsuitably high for the textile strands. 
In either event, thermally setting or shaping the struc- 
tural strands prior to interbraiding prevents this kind of 
damage to the textile strands. 

In accordance with the present invention, structural 
strands may be selectively shaped by cold working as 
well. Certain resilient and ductile metals are particularly 
well suited to cold working.' A primary advantage of cold 
working is the ability to incorporate the cold-working 
step and the braiding step into a continuous operation. 
In particular, each structural strand on its way to a braid- 
ing station can be wrapped about a shaping pulley under 
sufficient tension to achieve the desired plastic defor- 
mation. Continuous shaping and braiding substantially 
reduce manufacturing cost. 

The structural strands can be formed into a variety 
of shapes, most preferably helical. The helices can be 
wound in a single direction so that the interstices are 
helical. More frequently, the structural strands are 
wound as two sets of helices running in opposite direc- 
tions, to form a latticework in which the interstices are 
rhombic. The oppositely directed helices can be inter- 
braided, or can overlie one another, being interbraided 
only with the textile strands. The interbraided structure 
can incorporate further strands, for example of radio- 
paque material. The structure can incorporate one or 
more elastomeric strands running axially of the structure 
and fused to the structure along at least part of its axial 
length, thus to enhance radial self -expansion. 

As compared to structures formed by conventional 
two-dimensional braiding techniques, three-dimension- 
ally braided structures tend to have a more even distri- 
bution of forces among the structural strands. Three di- 
mensional braiding enables a controlled structuring of 
tubular prosthesis, for example to provide radial gradi- 
ents in permeability, porosity, strength or other structural 
properties. A three-dimensionally braided structure with 
three or more discrete layers facilitates confining a lat- 
ticework of structural strands to a medial layer, providing 
a textile cover on both sides of the latticework. 

The process can be augmented with several steps 
that enhance the utility of the prosthesis, such as coating 
the structural strands, the textile strands, or both. A heat 
setting step may be performed after braiding, when the 
textile strands are formed of a yarn amenable to heat 
setting. An adhesive can be applied to the ends of the 
integrated structure after braiding, to reduce unraveling. 

Another aspect of the present invention is a pros- 
thesis. The prosthesis includes a three-dimensionally 
braided structure including a plurality of structural 
strands and a plurality of compliant textile strands. The 
structural strands are formed of a structural material 
having a tendency to assume a nominal shape when in 
a relaxed state. The structural strands further have re- 
spective selected nominal strand shapes imparted by at 
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least one of: (i) a selective plastic deformation from an 
original nominal shape to the selected nominal shape; 
and (ii) a selective thermal setting including a heating of 
the structural strand to a temperature greater than a 
melting temperature of the textile strands while the s 
structural strand is maintained in the selected nominal 
shape. 

The structural strands have selected orientations 
within the three-dimensionally braided structure, to im- 
part a predetermined configuration to the structure. In a 10 
preferred prosthesis, the structural strands cooperate to 
form a latticework, and the textile strands cooperate to 
form one or more layers of textile sheeting supported by 
the latticework. Thus, the structural strength and resil- 
iency of a self-expanding stent and the low permeability is 
of a graft are combined in a single prosthesis. 

The structural strands preferably are monofila- 
ments of metal, e.g. a stainless steel, an alloy including 
cobalt or an alloy including titanium. Alternatively the 
monofilaments are polymeric, constructed of materials 20 
including PET, polypropylene, PEEK, HDPE, polysul- 
fone, acetyl, PTFE, FEP, polycarbonate urethane, and 
polyurethane. In either event the preferred textile 
strands are multifilament polymeric yarns. Suitable ma- 
terials for the multifilament yarns include PET, polypro- 25 
pylene, polyurethane, polycarbonate urethane, HDPE 
(high density polyethylene), polyethylene, silicone, PT- 
FE, ePTFE and polyolefin. 

Thus in accordance with the present invention, a 
three-dimensionally braided structure incorporating 30 
structural and textile strands is manufactured according 
to a process that enables a controlled shaping of the 
structural strands without adversely affecting the textile 
strands. The result is an intraluminal device with the fa- 
vorable qualities of an open weave stent and of a tightly 35 
woven graft. The structural strands are shaped either 
thermally or by plastic deformation, before they are 
brought together with the textile strands for interbraid- 
ing. The interbraiding step involves all strands simulta- 
neously, interweaving a compliant textile sheeting 40 
among the structural strands as the structural strands 
are formed into a latticework that defines the shape of 
the prosthesis. As a result, the textile sheeting is sup- 
ported by the latticework and tends to conform to the 
shape of the latticework. The textile sheeting exhibits 4* 
low permeability and high compliance, preventing leak- 
age of blood or other fluids, yet readily accommodating 
radial contractions and expansions of the structural lat- 
ticework. 

so 

IN THE DRAWINGS 

For a further understanding of the above and other 
features and advantages, reference is made to the fol- 
lowing detailed description and to the drawings, in 55 
which: 

Figure 1 is a partial side sectional view of a pros- 



thesis constructed in accordance with the present 
invention, contained within a deployment device; 
Figures 2a and 2b illustrate an open weave stent 
consisting of resilient metal structural strands in a 
two-dimensional braid; 

Figures 3 and 4 show the prosthesis of Figure 1 in 
a radially constrained state, and in a radially ex- 
panded state, respectively; 

Figure 5 schematically illustrates several discrete 
layers of the prosthesis formed by the three-dimen- 
sional braiding of multiple strands; ' 
Figure 6 is an enlarged partial view of Figure 3, with 
several outer layers removed, schematically illus- 
trating an interbraiding of structural and textile 
strands in a medial layer of the prosthesis; 
Figures 7 shows the prosthesis of Figure 1 de- 
ployed within a vessel and spanning an aneurysm; 
Figures 8-10 schematically illustrate a process for 
manufacturing the prosthesis; 
Figures 11 and 12 schematically illustrate an alter- 
native process for manufacturing the prosthesis; 
Figure 1 3 schematically illustrates a three-dimen- 
sional set-up for braiding a prosthesis in a first ex- 
ample according to the present invention; 
Figure 14 schematically illustrates a three-dimen- 
sional set-up for braiding the prosthesis in a second 
example according to the present invention; 
Figure 15 is an illustration of an alternative embod- 
iment prosthesis; 

Figure 1 6 is an illustration of another alternative em- 
bodiment prosthesis; and 

Figure 17 is an illustration of a further alternative 
embodiment prosthesis. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Turning now to the drawings, there Is shown in Fig- 
ure 1 a deployment device 1 6 for delivering a prosthesis 
1 8 to an intended fixation location or treatment site with- 
in a body lumen, and then controllably releasing the 
prosthesis for radial self-expansion and fixation within 
the lumen. 

The device includes an elongate and flexible outer 
catheter 20 constructed of a biocompatible polymer, e. 
g. polyurethane. A central lumen 22 runs the length of 
catheter 20. A distal portion 24 of the outer catheter sur- 
rounds prosthesis 18. An inner catheter 26 is contained 
within lumen 22 and runs along substantially the entire 
length of outer catheter 20. At the distal end of inner 
catheter 26 Is a tapered distal tip 28. Prosthesis 1 8 sur- 
rounds inner catheter 26, and thus is confined between 
the inner and outer catheters. A lumen 30 in the inner 
catheter can accommodate a flexible guidewire. 

Prosthesis 18, shown completely rather than in sec- 
tion, is a tubular braided structure including helically 
wound monofilament structural strands 32 formed of a 
resilient material. In Figure 1 , prosthesis 18 is elastically 
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compressed into a reduced radius axially longated de- 
livery state. Outer catheter 20 confines the prosthesis, 
maintaining it in the delivery state against an elastic re- 
storing force. 

An annular detent 34, mounted to inner catheter 26, $ 
occupies a space between the inner and outer catheters 
to limit proximal travel of prosthesis 18 relative to the 
inner catheter. Thus, as outer catheter 20 is moved prox- 
imal ly relative to inner catheter 26, the detent prevents 
the prosthesis from moving with the outer catheter. 

Catheters 20 and 26, while" maintaining prosthesis 
18 in the delivery configuration, are moved translumi- 
nally, through vasculature, to deliver the prosthesis to 
the intended treatment site. Once the prosthesis is po- 
sitioned as intended, inner catheter 26 is held stationary, 
while outer catheter 20 is withdrawn proximally. Detent 
34 prevents prosthesis 18 from moving proximally with 
the outer catheter, thus to maintain the prosthesis prop- 
erly aligned as it progressively radially self-expands to- 
ward a relaxed state and into intimate contact with tissue 
at the treatment site. Because the prosthesis does not 
expand completely to the relaxed state, it exerts a re- 
sidual force on the tissue that tends to maintain fixation 
of the prosthesis. At this point the prosthesis has a di- 
ameter much larger than the diameter of distal tip 28, so 
that the inner catheter and tip, along with the outer cath- 
eter, are easily proximally withdrawn. 

Prosthesis 18 resembles a radially self -expanding 
stent, in that it is well suited for radially compressed de- 
livery and radial self-expansion. Accordingly, familiarity 
with radially self-expanding stents is useful in consider- 
ing prosthesis 18. 

A conventional two-dimensionally braided radially 
self -expanding stent 21 is shown in Figures 2a and 2b. 
The stent consists of two oppositely directed and con- 
centric sets of helically wound thread elements or wires 
23. The wires can be formed of metal or a polymeric 
material and have good elastic recovery. Each wire is 
selectively shaped so that its nominal shape, i.e. its 
shape when in a relaxed state subject to no external 
stresses, is helical. Wires 23 cooperate to give the stent 
its nominal tubular shape. 

Adjacent helices in two opposite winding directions 
are spaced apart axially, resulting in rhombotic voids or 
interstices 25 with dimensions substantially larger than 
the wire diameters. The open-mesh construction, in 
combination with the resiliency and strength of the se- 
lectively shaped wires, enables and facilitates (a) elastic 
compression of the stent to a much smaller radius suit- 
able for intraluminal delivery; (b) virtually instantaneous 
radial expansion of the stent when released at a treat- 
ment site; and (c) a sufficient residual force to ensure 
acute fixation without hooks or barbs, although such fix- 
ation options may also be used. 

With reference to Figures 3 and 4 it can be appre- 
ciated that structural strands 32 form a latticework 35 of 
prosthesis 18. Like wires 23 of stent 21 , strands 32 are 
arranged in two oppositely directed and concentric sets 



of helices, spaced apart axially from one another to de- 
fine rhombotic interstices. Structural strands 32 further 
are similar to the stent wires in that they exhibit the req- 
uisite strength and elasticity, are biocompatible, resist- 
ant to fatigue and corrosion, and in vascular applications 
are hemocompatible as well. Materials meeting these 
needs include certain stainless "spring" steels, cobalt- 
based alloys, and alloys containing titanium. Several 
preferred cobalt-based alloys are sold under the brand 
names "Elgiloy", "Phynox" and "MP35N". 

Particularly preferred CoCrMo alloys contain less 
than about 5 weight percent nickel, preferably less than 
about 2 weight percent nickel and more preferably no 
more than about 1 weight percent nickel. Chromium is 
preferably present in an amount between about 26.0 
and 30.0 weight percent, and molybdenum preferably in 
an amount between about 5.0 and 7.0 weight percent. 
The alloys further can include nitrogen in an amount up 
to about 0.25 weight percent, and carbon in an amount 
up to about 0.35 weight percent. Other elements, pref- 
erably in amounts no greater than about 1 .0 weight per- 
cent, include iron, silicon, manganese, copper, phos- 
phorous, sulfur and tungsten. The balance of the alloy 
in each case can be cobalt, preferably in an amount of 
at least 60.0 weight percent. 

A preferred alloy of titanium is a recovery metal alloy 
of nickel and titanium, sold under the brand name "Niti- 
nol". Other suitable titanium alloys include titanium-zir- 
conium-niobium alloys and a titanium-aluminum-vana- 
dium alloy known as TI-6A1-4V. 

Suitable polymeric monofilaments include PET, 
polypropylene, PEEK, HDPE, polysulfone, acetyl, PT- 
FE, FEP, polycarbonate urethane, and polyurethane. 
Suitable polyurethanes and polycarbonate urethanes 
include those sold under the following brand names: 
Chronoflex AR, Chronoflex Al, Corethane, and Biomer. 
These monofilaments preferably have diameters jn the 
range of about 0.002-0.015 inches (0.051-0.38 mm). 

As seen in Figure 4, structural strands 32 intersect 
each other to define a braid angle a which is bisected 
by a longitudinal axis 36 of the prosthesis. The braid an- 
gle, when prosthesis 18 is in the relaxed state, is in the 
range of about 60 to 150 degrees, and more preferably 
80 to 140 degrees. 

As seen in Figure 3, radial compression of the pros- 
thesis substantially reduces the braid angle. The braid 
angle largely determines the relationship between radial 
compression and axial elongation of the prosthesis. 
More particularly, smaller braid angles yield less axial 
shortening for a given amount of radial expansion. On 
the other hand, for a given strand size and strength, a 
larger braid angle imparts greater resistance to radial 
compression and more positive acute fixation. Accord- 
ingly a smaller braid angle generally requires a structur- 
al strand that is stronger, i.e. with a higher modulus of 
elasticity. 

Figure 5 schematically illustrates the manner in 
which multiple structural strands 32 and multiple textile 
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strands 42 are interbraided with one another to form 
several discrete layers of prosthesis 18. These include 
an inner (radially inward) layer 44 consisting primarily of 
textile strands 42, an outer layer 46 also consisting pri- 
marily of the textile strands, and a medial layer 48 that 
incorporates the structural strands 32. Layers 44-48 are 
formed simultaneously in a single braiding operation 
that also interlocks the layers, in that at least one of the 
strands from each of the layers is braided into one of the 
other layers. In one preferred approach, inner layer 44 
; and outer layer 46 are formed substantially entirely of 
textile strands 42, while medial layer 48 is an interbraid- 
ed combination of textile strands 42 and structural 
strands 32, e.g. at a one-to-one ratio, or two-to-one ratio 
in favour of the textile strands. Inner layer 44 includes a 
first set of its textile strands that extend into the medial 
layer, and a second set of its textile strands that extend 
through the medial layer into the outer layer, then back 
to the inner layer. These sets together can comprise a 
relatively small percentage of the textile strands of layer 
44. Medial layer 48 and outer layer 46 similarly have sets 
of textile strands extending into the other layers. Thus 
there is a substantial intermingling among strands of the 
different layers for effective interlocking, although the 
layers remain distinct from one another in character. 

Textile strands 42 preferably are multifilament 
yarns, although they can be monofilaments. In either 
event the textile strands are much finer than the struc- 
tural strands, ranging from about 10 to 400 denier (9 to 
360 d tex). Individual filaments of the multifilament yarns 
can range from about 0.25 to about 10 denier (0.23 to 
about 9 d tex). The multifilament yarns generally have 
a high degree of compliance, which may or may not in- 
clude elasticity. Suitable materials include PET, polypro- 
pylene, polyurethane, polycarbonate urethane, HDPE, 
polyethene, silicone, PTFE, ePTFE and polyolefin. One 
suitable high molecular weight polyethylene is sold un- 
der the brand name "Spectra". The fine textile strands 
are closely woven in layers 44, 46, and 48, and can be 
considered to form a textile sheeting or fabric 40 in each 
layer. 

Due to the fineness of textile strands 42 and a close 
or tight weave, the textile sheetings can be microporous, 
yet essentially impervious to body fluids. Also, the textile 
sheeting layers are highly compliant, conforming to 
changes in the shape of latticework 35 as prosthesis 18 
either radially self-expands or is radially compressed. 
The shape of latticework 35 thus determines the shape 
of the prosthesis. 

In medial layer 48, the interstices 38 between adja- 
cent structural strands in prosthesis 18 are occupied by 
textile sheeting or fabric. As seen in Figures 5 and 6, 
sheeting is formed of multiple textile strands 42 inter- 
braided with one another and further interbraided with 
structural strands 32. Textile strands 42 also are provid- 
ed in sets of oppositely directed helices, and intersect 
one another at the same braid angle a defined by the 
structural strands. Strands 32 and 42 are shown in Fig- 
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u re 6 in a one over one braiding pattern. However, it is 
to be appreciated that a variety of braiding patterns are 
known to those skilled in the art, and the pattern most 
suitable in a given instance depends on the desired 
5 structural characteristics and the materials involved. 

Thus, prosthesis 18 combines the favorable at- 
tributes of self-expanding stents and grafts. Latticework 
35 provides radial compressibility, self- expansion over 
a wide range of radii and residual force for acute fixation, 
10 while textile sheetings 40 of layers 44-48 reduce perme- 
ability to the extent that the prosthesis is essentially im- 
pervious to blood and other body fluids. For these rea- 
sons, prosthesis 1 8 is particularly well suited to treating 
an aneurysm. Figure 7 illustrates fixation of prosthesis 
15 18 within a blood vessel having a vessel wall 50. Along 
the vessel wall is in an aneurysm 52. Opposite end re- 
gions 54 and 56 of the prosthesis have radially expand- 
ed into intimate contact with vessel wall 50 on opposite 
sides of the aneurysm. A medial region 58 of the pros- 
20 thesis spans the aneurysm. End regions 54 and 56 ef- 
fectively fix the prosthesis, due to the resilience and 
strength of the structural strand latticework. At the same 
time the prosthesis, because of textile sheetings 40, 
shunts blood past the aneurysm preventing any sub- 
25 stantial leakage into the aneurysmal sack. 

A particularly favorable structure for prosthesis 18 
has a medial layer 48 formed by interbraiding metallic 
structural strands with Dacron (polyester) multifilament 
yarns as the textile strands. The metal structural strands 
30 exhibit high strength in terms of elastic moduli. For ex- 
ample, stainless steels can have elastic moduli of about 
28-30 x 10 6 psi. Titanium and alloys of titanium tend to 
have elastic moduli in the range of 15.4-16.6 x 10 6 psi. 
In contrast, polyethylene, for example, has an elastic 
35 modulus in the range of about 0.02-0.055 x 1 0 6 psi, and 
other polymeric materials have elastic moduli in this or- 
der of magnitude. Accordingly, for a given strand diam- 
eter, helical diameter and helical pitch, a latticework of 
metallic strands is considerably more resistant to radial 
40 compression, and provides a greater residual force for 
acute fixation. The Dacron polyester multifilament yarn 
has a high elastic recovery and elongation (up to 36% 
for the polyester fibre) and a low elastic modulus, which 
ensure that textile sheeting 40 conforms to the lattice- 
45 work. 

This favorable composite structure cannot be man- 
ufactured by forming a braided structure on a mandrel, 
then heating the mandrel to thermally set the strands in 
their helical shapes. Thermally setting metallic structural 

so strands entails heating the strands to temperatures up 
to about 1000°C. while the strands are maintained in the 
intended helical shape. Such temperatures are well 
above the melting points of polyesters and other mate- 
rials most suitable for the multifilament yarn textile 

55 strands. Selectively shaping the structural strands is im- 
portant in enhancing the predictability and control over 
prosthesis contractions and expansions,, and also re- 
duces any tendency of the prosthesis to unravel. 
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To attain favorable characteristics of stents and 
grafts, prosthesis 1 8 can be fabricated according to sev- 
eral steps as illustrated in Figures 8-10. Figure 8 shows 
two structural strands (metal monofilaments) 32a and 
32b, one from each set of oppositely directed structural 
strands, wound about a mandrel 60 and supported by 
respective bobbins 62 and 64. While just strands 32a 
and 32b are illustrated as a matter of convenience, it is 
to be appreciated that all of the structural strands are 
wound about the mandrel and maintained together for 
shaping. Only structural strands are present, however, 
as shaping occurs before interbraiding with the textile 
strands. 

Age-hardening is accomplished within a furnace 66 
in a vacuum or a protective atmosphere. Temperatures 
are within the range of about 350-1 000°C with the spe- 
cific temperature depending on the structural material. 
The filaments overlie one another to form multiple inter- 
sections, one of which is indicated at 68. Bobbins, in- 
cluding 62 and 64, are set to tension their respective 
strands during age-hardening. The appropriate duration 
for age-hardening varies with materials and dimensions, 
but can range from as brief as 30 seconds, to about 5 
hours. 

After age-hardening, the structural strands are al- 
lowed to cool, whereupon each structural strand retains 
the helical shape as its nominal shape. In the context of 
elastic materials, "nominal shape" refers to the shape in 
a relaxed state, i.e. when under no external stress. The 
age-hardened metallic monofilaments are highly resil- 
ient, i.e. deformable under external stress, but elastical- 
ly returning to the nominal shape when free of the ex- 
ternal stress. The strands when constructed of a recov- 
ery metal are plastically deformable when maintained 
below an activation temperature, which for Nitinol can 
be below body temperature, i.e. below about 37° C. 
When heated to the activation temperature or above, the 
structural strand returns to the selected nominal shape. 
In .the context of recovery metal strands, "nominal 
shape" is the shape to which the strand returns when 
heated to at least the activation temperature. 

When structural strands 32 are thermoplastic rather 
than metallic monofilaments, multiple strands are ther- 
mally set in similar fashion. More particularly, with the 
thermoplastic monofilaments wound in opposite sets 
about mandrel 60, the strands are heated to a heat- 
forming temperature in the range of about 100 to 
400°C, more preferably 150 to 250°C., either within a 
furnace as previously described or by heating the man- 
drel. The strands are maintained at or above the heat- 
forming temperature for a duration generally shorter 
than that of thermally setting metal strands, i.e. from 
about 30 seconds to about 2 hours, or more preferably 
5 to 15 minutes. Again, only the structural strands are 
shaped, and before they are interbraided with the textile 
strands. This sequence can be advantageous even 
when the structural strands and textile strands are 
formed of the same thermoplastic material, as it enables 



fabrication of a prosthesis in which only the structural 
strands are thermally set. 

It is to be appreciated that the thermal setting proc- 
ess alters the structural strands, in the sense of chang- 

5 ing their shapes from an original nominal shape to a se- 
lected nominal shape. Typically the original nominal 
shape is linear, with the selected nominal shape deter- 
mined by the diameter of the mandrel and the pitch at 
which the structural strands are wound about the man- 

10 drel. 

Interbraiding of the structural and textile strands oc- 
curs after selective shaping. Figure 9 schematically il- 
lustrates a braiding apparatus 70 including a cylindrical 
carrier assembly 72 including several annular arrays of 
is bobbins, two of the bobbins being indicated at 80a and 
80b. The apparatus further includes a mandrel 78, cen- 
tred within the cylindrical assembly and movable longi- 
tudinally relative to the assembly as indicated by the ar- 
row. 

20 Figure 10 illustrates part of carrier assembly 72 in 
greater detail, to reveal five annular arrays or sets of 
carrier bobbins indicated at 80, 82, 84, 86 and 88. The 
sets are coaxial and axially spaced apart, each including 
forty-eight bobbins, twenty-four bobbins for respective 

25 clockwise and counter clockwise windings about man- 
drel 78. 

While those skilled in the art are acquainted with the 
use of braiding machinery, it is emphasised here that 
braiding apparatus 70 is configured as described in the 
30 aforementioned International Patent Publication No. 
W091/10766. Suitable braiding machinery is available 
from Albany International Research Company of Mans- 
field, Massachusetts. The equipment is used as follows: 
First, carrier assembly 72 is loaded by winding dif- 
35 ferent strands onto different bobbins. The type of strand 
wound on each bobbin depends on the desired braiding 
pattern and ratio of structural strands to textile strands. 
All strands are drawn from their respective bobbins to 
mandrel 78, and braiding proceeds by moving mandrel 
40 ' 78 longitudinally, while at the same time the bobbins are 
moved relative to one another as dictated by the desired 
pattern of braiding. The result is a simultaneous inter- 
braiding of the structural and textile strands onto the 
mandrel, as indicated at 90. The mandrel determines 
45 the diameter of the braided structure. Mandrel longitu- 
dinal speed largely determines the braid angle. Prosthe- 
sis lengths are determined by the duration of braiding, 
or by cutting the braided structure to predetermined 
lengths upon its removal from the mandrel. 
50 The braiding process includes controlling the struc- 
tural strands as to orientation during braiding, to ensure 
that the individual helices cooperate to provide the de- 
sired nominal tubular configuration for the resulting lat- 
ticework. Similar control of the textile strands is not nec- 
55 essary, due to their more compliant nature. Properly ori- 
ented structural strands diminish any unravelling ten- 
dency and result in more predictable contraction and ex- 
pansion of the prosthesis. Further, from Figure 6 it can 
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be appreciated that the textile strands, in occupying the 
interstices between structural strands of layer 48, tend 
to maintain the structural strands in the desired config- 
uration of intersecting helices. 

Figure 11 schematically illustrates an alternative 
three-dimensional braiding apparatus 92 in which the 
structural strands are selectively shaped by cold work- 
ing. In particular, a cylindrical carrier assembly 94 is 
mounted concentrically on a longitudinally movable 
mandrel 96. As before, the carrier assembly supports 
multiple bobbins in arrays including* several concentric 
circular sets of bobbins, with two of the bobbins being 
indicated at 98 and 1 00. A structural strand 32 has been 
wound on the bobbin 98, while bobbin 100 carries a tex- 
tile strand 42. The structural strand is not thermally 
shaped before braiding, and thus at first has a linear 
nominal shape. 

Structural strand 32 is plastically deformed by cold 
working as it travels from bobbin 98 to the mandrel. A 
small diameter shaping pulley 1 02 and a larger diameter 
idler pulley 1 04 are disposed along the path traversed 
by strand 32. While pulleys 102 and 104 are shown in 
side elevation in Figure 11 . It should be understand that 
in the actual braiding device pulley 102 is orthogonal to 
pulley 104 to effect the, selected shaping of strand 32. 
Shaping pulley 102 exerts a bending stress on the mov- 
ing structural strand trained about this pulley, particular- 
ly on radially outward portions of the strand. Bobbin 98 
is supported on a carrier that includes a clutch (not 
shown) adjustable to adjust the tension applied to the 
strand, thereby to adjust the amount of bending stress. 

The tension is controlled so that the bending stress, 
at least along the radially outward portions of the strand 
along pulley 102, exceeds the yield stress of the mate- 
rial. The appropriate level of tension is in the range of 
about 200-1000 gms, depending on such factors as the 
material, the monofilament diameter and the bending ra- 
dius about pulley 102. The result is a cold-working plas- 
tic deformation, represented as a hatched segment 106 
in Figure12. It is to be appreciated that segment 106 is 
greatly exaggerated and intended for illustration only. 
The actual plastic flow is less pronounced and continu- 
ous, and changes the nominal shape of the structural 
strand from linear to helical. Further in this connection, 
it is noted that pulley 1 02 would impart a curved nominal 
shape to the structural strand in any event, and that the 
helical nominal shape with the desired pitch is obtained 
through proper orientation of the pulley with respect to 
the carrier assembly while maintaining the desired ten- 
sion in the strand. 

The CoCrMo alloys described above are particular- 
ly well suited for this approach. Although shaping pul- 
leys and tensioning clutches are required only in con- 
nection with the structural strands as shown, these com- 
ponents add complexity to the braiding apparatus. The 
advantage of this approach is that the selective shaping 
and braiding steps can occur closely in time and within 
a continuous process. In contrast, thermal shaping is fol- 



lowed by cooling the strands and winding the strands 
onto bobbins, and therefore involves processing in a 
batch mode. 

Figures 13-14 illustrate different carrier bobbin 
5 loading arrangements used in two of the following ex- 
amples of the braiding process. Each example utilises 
a 240 carrier multilayer interlock braider The bobbins 
are arranged in five annular, coaxial and axiaily spaced 
apart sets or rows of forty-eight carrier bobbins each. 
10 Within each set, bobbins can be installed on the carriers 
in both clockwise and counter clockwise winding direc-* 
tions. In Figures 13 and 14 these sets are designated 
80-88 as in Figure 10. In each case the metallic mono- 
filaments are thermally shaped prior to braiding, ai- 
rs though they can as well be shaped by plastic deforma- 
tion. 

Example 1 : 

20 The bobbins of the carrier assembly (Figure 1 3) are 
loaded with two hundred and twenty -four textile strands 
of polyester, each being 70 denier (63 d tex) and com- 
posed of forty-seven filaments. More particularly, all of 
the bobbins in sets 80, 82, 86 and 88 are loaded with 

25 the polyester yarn. These textile strands also are loaded 
onto thirty-two of the bobbins in central set 84. Of the 
remaining sixteen bobbins, eight bobbins installed on 
carriers in the clockwise direction, and eight bobbins in- 
stalled in the counter clockwise direction, are loaded 

30 with sixteen structural strands. The structural strands 
are arranged symmetrically, in that in each direction, 
every third bobbin is loaded with one of the structural 
strands. Each structural strand is an Elgiloy wire having 
a diameter of 0.0047 inches (0. 1 2 mm). The strands are 

35 braided onto an 8 mm diameter round mandrel, with the 
braider operated to determine a braid angle of 110°. The 
braid is formed to an adequate length, then removed 
from the mandrel. 

The result is a tubular three-dimensionally braided 

40 structure of the polyester yarn and metal monofila- 
ments. The wire latticework forms a central or medial 
layer of the structure and is braided in the two over two 
braiding pattern. 

45 Example 2: 

As in Example 1, the textile strands are 70 denier 
polyester yarns composed of forty-seven filaments. One 
hundred and sixty-eight of the polyester yarn textile 

so strands are loaded (Figure 14) as follows: onto all the 
bobbins of outer set 88, its adjacent set 86, and set 82. 
Twenty -four bobbins of central set 84 also are loaded 
with the polyester yam. The remaining twenty-four bob- 
bins of the central set are loaded with Elgiloy wire, again 

55 having a diameter of 0,0047 inches. Twelve of these 
bobbins are installed in the clockwise direction, and 
twelve in the counterclockwise direction, with every sec- 
ond bobbin being wound with a structural strand. All 



8 



15 



EP 0 804 909 A2 



16 



bobbins of inner set 80 are loaded with a 70 denier col- 
lagen fibre. The strands are braided onto an 8 mm di- 
ameter round mandrel, with the braider operated to de- 
termine a braid angle of 110°. 

The result is a tubular, three-dimensionally braided 
structure of the polyester yarn and metal monofila- 
ments, with an inner layer of fibres consisting of the col- 
lagen and determining an inside diameter of the struc- 
ture. The latticework consists of two concentric layers 
of helices wound in opposite directions. 

Example 3: 

As in Example 1, all the bobbins in sets 80, 82, 86 
and 88 are loaded with the textile strands, each being a 
70 denier polyester yarn composed of forty-seven fila- 
ments. In set 84 corresponding to a central layer of the 
finished structure, twenty-four of the carrier bobbins 
likewise are loaded with the polyester multifilament 
yarn. The remaining twenty-four bobbins are loaded 
with a 0.0047 inch diameter Elgiloy wire. In this case, all 
twenty-four bobbins installed in the clockwise direction 
are loaded with the Elgiloy wire. The strands are braided 
onto an 8 mm diameter round mandrel, with the braider 
operated to determine a braid angle of 110°. This ar- 
rangement is not illustrated. 

The result is a tubular three-dimensionally braided 
structure of the polyester yarn and metal monofila- 
ments. The wire latticework consists of spirals wound in 
the clockwise direction. 

Example 4 

All of the carrier bobbins in sets 86 and 88 corre- 
sponding to outer layers of the finished structure, and in 
set 82 corresponding to a more inward layer, are loaded 
with a polyester yarn of 50 (45 d tex) denier and com- 
posed of 34 filaments. Twenty-four of the bobbins in set 
84 also are loaded with the 50 denier polyester yarn. 
The remaining twenty-four bobbins of set 84 are loaded 
with structural strands. Each structural strand is a 
0.0055 inch (0.137 mm) diameter Nitinol wire. The Niti- 
nol strands are pre-set into helices 8 mm in diameter. 
Twelve of the bobbins loaded with the Nitinol wire are 
installed in the clockwise direction at every other carrier 
position. The remaining twelve bobbins loaded with the 
wire are similarly Installed in the counter clockwise di- 
rection. All forty-eight bobbins of set 80 are loaded with 
textile strands, each strand in this case being the 70 de- 
nier forty-seven filament polyester yarn. The strands are 
wound onto an 8 mm diameter round mandrel and the 
braider is operated to determine a braid angle of 110°. 
The set-up is not shown. 

The result is a tubular three-dimensionally braided 
structure of the two types of polyester yarns and the met- 
al monofilaments. The inner layer of fibres consists of 
the coarser (70 denier) polyester yarn. The coarser 
strands are more closely packed, in the sense that there 



is a greater proportion of surface area occupied by yarn 
as compared to Interstices or openings between adja- 
cent yarns. Thus there is a permeability gradient in the 
radial direction, with the inner layer of the finished struc- 
5 ture being less permeable to fluids. The Nitinol lattice- 
work consists of two concentric layers of helices in op- 
posite directions of winding. 

In all of these examples, the resulting prosthesis 
has water permeability comparable to that of a vascular 
10 graft, and can be constrained to a reduced diameter and 
allowed to expand like a radially self -expanding stent. 

The prosthesis fabricating processes can be en- 
hanced to impart a variety of desired characteristics to 
the prosthesis. A prosthesis formed of helical structural 
is strands interbraided with multifilament yarns forming 
textile sheetings can further incorporate a strand formed 
of a radiopaque material, e.g. tantalum. This improves 
the fluoroscopic imaging of the prosthesis at or near a 
treatment site. Other approaches to enhancing radio- 
20 pacity include use of composite structural strands (e.g. 
wires with radiopaque cores), plated monofilaments, ra- 
diopaque inks and marker bands. 

Figure 15 illustrates a tubular three-dimensionally 
braided prosthesis 108 incorporating metal monofila- 
25 ments 1 1 0 and several layers of textile sheeting or fab- 
ric, e.g. as indicated at 1 1 2, 1 1 4 and 1 1 6. The latticework 
is formed of two oppositely directed sets of helices, and 
further includes several polyurethane axial runners 118. 
The axial runners are braided using triaxial guide tubes. 
30 The axial runners improve radial recovery and reduce 
the tendency to unravel or fray. Another approach to re- 
duce unraveling of the prosthesis is to apply a silicone 
adhesive to the opposite ends, or to submerge the pros- 
thesis ends into a solution of a polyurethane, a polycar- 
35 bonate urethane, or a silicone, and a solvent having a 
low percentage of solids. Residual polyurethane, poly- 
carbonate urethane or silicone remains after drying and 
tends to prevent unraveling. 

Figure 16 illustrates a three-dimensionally braided 
40 prosthesis 120 including an inner layer 122 consisting 
primarily of multifilament yarns, a medial layer 124 in- 
cluding polyester yarns and a latticework of structural 
filaments 1 26, and an outer layer 1 28 consisting prima- 
rily of multifilament yarns. Several drug eluting strands, 
45 one of which is shown at 1 30, also are braided into the 
outer layer. The drug eluting strands can be coated or 
impregnated with steroids such as dexamethasone to 
reduce restenosis, or with heparin or Coumadin to re- 
duce thrombog en icity. Three-dimensional braiding facil- 
so itates concentration of the drug eluting strands within 
the outer layer of the prosthesis. 

Similarly, strands treated or coated for other prop- 
erties can be concentrated in the prosthesis outer layer, 
e.g to reduce friction, reduce inflammatory responses, 
ss and improve biocompatability. 

Figure 17 illustrates a prosthesis 1 32 formed of lay- 
ers 134, 136 and 138. These layers are formed entirely 
of structural strands 140, more particularly metallic 
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monofilament strands, formed for example of a cobalt- 
based alloy. At least a portion of the strands, and more 
preferably all of the strands, are selectively shaped ei- 
ther thermally or by cold working as discussed above, 
before interbraiding. Prosthesis 132 is of open weave 
construction, more in the nature of a stent than a graft. 

A salient feature of prosthesis 1 32, due to its multi- 
layered, three-dimensional construction, is a more even 
distribution of forces throughout the stenl structure as 
compared to a two-dimensionally braided stent such as 
stent 21. Moreover, since the multilayered stent incor- 
porates several times the number of structural strands 
as stent 21 , assuming the same size, each of structural 
strands 140 can be substantially smaller in diameter 
than a typical wire 23. Yet, three-dimensionalty braided 
stent 1 32 exhibits the same strength and resiliency, and 
in fact exhibits an improved resistance to radial com- 
pression due to the more even distribution of force. 

Yet another advantage lies in the fact that the mul- 
tilayered stent, because of the smaller diameter struc- 
tural filaments and despite their greater number, is com- 
pressible to a smaller delivery diameter than stent 21 . 

Further modifications to enhance utility for specific 
applications, include using a tapered mandrel for heat 
setting the structural strands, to form a tapered prosthe- 
sis. To reduce migration, prosthesis can be provided 
with flared ends, or may be braided with end portions 
that do not incorporate the multifilament yarns. Colla- 
gen, PGA and other biological or bioabsorbable materi- 
als can be substituted for portions of the monofilament 
or multifilament strands. Metallocene catalized poly- 
mers, e.g. polyolefins or polypropylene, and fluorination 
if desired, may also be incorporated. 

Finally, three-dimensional construction enables and 
facilitates several advantageous non -uniform prosthe- 
sis constructions. A latticework of structural strands can 
be confined within a medial layer, covered by inner and 
outer layers of textile sheeting. The outer layer can be 
formed with larger pores and greater permeability to en- 
courage fibrotic ingrowth, while at the same time an in- 
ner layer can be microporous and essentially impervi- 
ous to blood and other body fluids. Specially treated or 
coated strands can be concentrated or confined within 
either the outer layer or inner layer of the prosthesis. 

Thus, in accordance with the present invention, a 
prosthesis incorporates structural strands interbraided 
with layers of more tightly woven textile strands that re- 
duce permeability The structural strands are selectively 
shaped before their interbraiding with the textile strands, 
either by a thermal set or by selective plastic deforma- 
tion, and in either event are shaped without adversely 
affecting the textile strands. Plastic deformation of struc- 
tural strands by cold working is advantageous in permit- 
ting a continuous process of cold working followed by 
interbraiding. The result is an interbraided prosthesis in- 
corporating the strength, resilience and range of radii 
associated with self-expanding stents, and the imper- 
meability associated with vascular grafts. 



Claims 

1. A process for making a prosthesis, including: 

5 providing a plurality of structural strands (32, 

1 1 0, 1 26) formed of structural material and hav- 
ing an original nominal shape and providing a 
plurality of compliant textile strands (42); 
altering the structural strands to impart to each 

10 of the structural strands a selected nominal 

shape in lieu of the original nominal shape; and 
after said altering, braiding the strands into a 
three-dimensional integrated structure (18, 
108,120) including the structural strands and 

75 the textile strands. 

2. A process for making a prosthesis, comprising: 

providing a plurality of structural strands (32, 
20 1 1 0, 1 26) formed of structural material of a de- 

sired strength and resilience, and imparting to 
each structural strand a selected nominal 
shape, corresponding to its nominal shape in 
the finished prosthesis; 
2s providing' a plurality of compliant textile strands 

(42) for adapting to the shape of the structural 
strands; and 

three-dimensionally braiding the structural 
strands in the selected nominal shape with the 
30 textile strands to form a tubular structure (18, 

108, 120). 

3. The process of claim 1 or 2, wherein: 

said braiding includes forming the structural 
35 strands into a latticework (35), and forming the tex- 
tile strands into a textile sheeting (40) supported by 
the latticework and occupying interstices between 
adjacent structural strands of the latticework. 

40 4. The process of claim 3 further including: 

after said braiding, plastically deforming the 
latticework to reduce a diameter of the integrated 
structure while maintaining the structural strands 
below an activation temperature of the structural 

45 material, wherein said structural material is a recov- 
ery metal. 

5. The process of any preceding claim, wherein: 

said braiding includes braiding the strands in- 
50 to at least first and second discrete layers 
(112,114,116, 122, 124, 1 28) of the integrated struc- 
ture. 

6. The process of claim 5 wherein: 

ss said braiding further includes braiding at least 

one of the strands of the first layer into the second 
layer to interlock the first and second layers. 
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7. The process of claim 5 wherein: 

said braiding includes incorporating a higher 
proportion of finer strands into the first layer, where- 
by the first layer has a permeability greater than a 
permeability of the second layer. 

8. The process of claim 5 wherein: 

said braiding includes incorporating a greater 
proportion of said structural strands into said first 
layer. 

9. The process of claim 5 wherein: 

said braiding includes interbraiding a plurality 
of absorbable strands with the structural strands 
and the textile strands. 

10. The process of claim 9 wherein: 

said braiding further includes incorporating 
the absorbable strands primarily into said second 
layer. 

11. The process of claim 5 wherein: 

said braiding includes interbraiding a plurality 
of drug eluting strands (130) with the structural 
strands and the textile strands. 

12. The process of claim 11 wherein: 

said braiding further includes incorporating 
the drug eluting strands primarily into said first layer. 

13. The process of any preceding claim, wherein: 

said structural material is thermally formable, 
and said shaping includes winding the structural 
strands, preferably around a selectively sized and 
shaped mandrel (78, 96), then heating the strands 
while so wound to a heat forming temperature to 
thermally impart to each structural strand its select- 
ed nominal shape. 

14. The process of any preceding claim, wherein: 

said braiding includes selectively orienting the 
structural strands to impart a predetermined config- 
uration to the integrated structure based on the se- 
lected nominal shapes of the structural strands. 

15. The process of any preceding claim wherein: 

the structural material is a metal, and said al- 
tering includes selectively plastically deforming the 
structural strands, preferably while the strands are 
being moved to a braiding station. 

16. The process of claim 15 wherein: 

said plastic deformation includes cold work- 
ing, preferably by wrapping each of the strands 
about a rotatabte pulley (102) and maintaining the 
strand at a selected tension. 

17. The process of any preceding claim, wherein. 



said shaping includes forming each of the 
structural strands into a helix. 

18. The process of claim 17 wherein: 
5 said braiding includes providing the structural 

strands as first and second sets of helices running 
in opposite directions, whereby the interstices of the 
resulting latticework are rhombic. 

io 19. The process of claim 17 wherein: 

said braiding includes winding the helices in 
a single direction, whereby the interstices are heli- 
cal. 

is 20. The process of any preceding claim wherein: 

said braiding includes braiding the strands in- 
to at least three discreet layers of the integrated 
structure including a medial layer including the 
structural strands, and first and second layers on 
20 opposite sides of the medial layer and consisting 
primarily of the textile strands. 

21. A prosthesis formed by the process of any preced- 
ing claim. 

25 

22. A prosthesis comprising an integrated three dimen- 
sional structure including a braid comprising a plu- 
rality of structural strands and a plurality of compli- 
ant textile strands, wherein said structural strands 

30 have a selected nominal shape, the shape having 
been imparted prior to the braiding operation. 

23. A prosthesis, including: 
a three-dimensionally braided structure (18, 

108, 120) including a plurality of structural strands 
(32, 110, 126) and a plurality of compliant textile 
strands (42) interbraided with the structural strands; 
wherein the structural strands are formed of a ma- 
terial having a tendency to assume a nominal shape 
when in a relaxed state, and have respective select- 
ed nominal strand shapes imparted by at least one 
of: (i) a selective plastic deformation from an original 
nominal shape to the selected nominal shape; and 
(ii) a selective thermal setting including heating to 
a temperature greater than a melting temperature 
of the textile strands while the structural strand is 
maintained in the selected nominal shape. 

24. The prosthesis of claim 21 , 22 or 23 wherein: 
the structural strands have selective orienta- 
tions within the braided structure to impart a prede- 
termined configuration to the braided structure; and 
the structural strands cooperate to form a lattice- 
work (35), and the textile strands cooperate to form 
a textile sheeting (40) supported by the latticework 
and occupying interstices between adjacent struc- 
tural strands of the latticework. 
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25. The prosthesis of claim 21 , 22 or 23 wherein: 

the structural strands and textile strands are 
three-dimensionally braided into at least first and 
second discrete layers (112, 114, 116, 122, 124, 
128) of the composite structure. 

26. The prosthesis of claim 25 wherein. 

at least one of the strands of the first layer is 
braided into the second layer to interlock the first 
and second layers. 

27. The prosthesis of claim 25 wherein: 

said first layer incorporates finer strands and 
has a greater permeability than the second layer. 

28. The prosthesis of claim 25 wherein: 

said structural strands form a latticework in- 
corporated primarily into the first layer. 

29. The prosthesis of claim 25 further including: 

a plurality of drug eluting strands (130) braid- 
ed into the first layer. 

30. The prosthesis of claim 25 further including: 

' a plurality of absorbable strands interbraided 

with the structural strands and the textile strands. 

31. The prosthesis of claim 30 wherein: 

the absorbable strands are braided primarily 
into the second layer. 

32. The prosthesis of any of claims 21 to 31 wherein: 

said structural strands are metal and formed 
of at least one of the following materials: stainless 
steel, an alloy including cobalt, and an alloy includ- 
ing titanium. 

33. The prosthesis of claim 28 wherein: 

said structural strands are polymeric, and 
constructed of at least one of the following materi- 
als: PET, polypropylene, PEEK, HDPE, polysul- 
fone, acetyl, PTFE, FEP, polycarbonate urethane, 
and polyurethane. 

34. The prosthesis of claim 31 wherein: 

said textile strands are multifilament yarns in 
the range of about 10-400 denier (9-360 d tex). 

35. The prosthesis of claim 34 wherein: 

said multifilament yams are composed of fil- 
aments, each filament being in the range of about 
0.25-10 denier (0.23 - 9 d tex). 

36. The prosthesis of claim 34 wherein: 

said multifilament yarns are formed of at least 
one of the following materials: PET, polypropylene, 
polyurethane, polycarbonate urethane, HDPE, pol- 
yethylene, silicone, PTFE, ePTFE, and polyolefin. 



37. The prosthesis of any of claims 21 to 36 wherein: 
said predetermined nominal shapes of the 
structural strands are helical. 

s 38. The prosthesis of claim 37 wherein: 

said structural strands cooperate to form a lat- 
ticework including first and second sets of helices 
running in respective first and second opposite di- 
rections, whereby the interstices of the latticework 

io are rhombic. 

39. The prosthesis of claim 36 wherein: the first and 
second sets of helices are interbraided. 

is 40. The prosthesis of claim 38 wherein: 

the first set of helices overlies the second set 
of helices. 

41 . The prosthesis of claim 38 wherein: 

20 the first and second sets of helices define a 

braid angle in the range of about 60-150 degrees. 

42. The prosthesis of any of claims 21 to 41 further in- 
cluding: 

2S 1 at least one radiopaque strand interbraided 

with the structural strands and textile strands. 

43. The prosthesis of claim 42 wherein: 

said at least one radiopaque strand is incor- 
30 porated within the first layer. 

44. The prosthesis of claim 37 wherein: 

said structural strands are wound in a single 
direction, whereby the interstices are helical. 

35 

45. The prosthesis of claim 32 wherein; 

said structural strands are formed of an alloy 
of cobalt, chromium and molybdenum (CoCrMo). 

40 46. A medical device including an elongate and flexible 
catheter, and, mounted thereon, a three dimension- 
ally braided prosthesis according to any claims 21 
to 45. 

45 
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FIG. 2a 

(PRIOR ART) 
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FIG. 2b 

(PRIOR ART) 
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FIG. 8 
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FIG. 13 
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